Hepatic 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase. The role of surface loop basic residues in substrate binding to the fructose-2,6-bisphosphatase domain.
Lys-356 has been implicated as a critical residue for binding the C-6 phospho group of fructose 2,6-bisphosphate to the fructose-2,6-bisphosphatase domain of rat liver 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase (Li, L., Lin, K., Correia, J., and Pilkis, S. J. (1992) J. Biol. Chem. 267, 16669-16675). To ascertain whether the three other basic residues (Arg-352, Arg-358, and Arg-360), which are located in a surface loop (residues 331-362) which contains Lys-356, are important in substrate binding, these arginyl residues were mutated to Ala, and each arginyl mutant was expressed in Escherichia coli and purified to homogeneity. The far UV circular dichroism spectra of the mutants were identical to that of the wild-type enzyme. The kinetic parameters of 6-phosphofructo-2-kinase of the mutants revealed only small changes. However, the Km for fructose 2,6-bisphosphate, Ki for fructose 6-phosphate, and Ka for inorganic phosphate of fructose-2,6-bisphosphatase for Arg352Ala were, respectively, 2,800-, 4,500-, and 1,500-fold higher than those for the wild-type enzyme, whereas there was no change in the maximal velocity or the Ki for inorganic phosphate. The Km for fructose 2,6-bisphosphate and Ki for inorganic phosphate of Arg360Ala were 10- and 12-fold higher, respectively, than those of the wild-type enzyme, whereas the maximal velocity and Ki for fructose 6-phosphate were unchanged. In addition, substrate inhibition was not observed with Arg352Ala and greatly reduced with Arg360Ala. The properties of the Arg358Ala mutant were identical to those of the wild-type enzyme. The results demonstrate that in addition to Lys-356, Arg-352 is another critical residue in fructose-2,6-bisphosphatase for binding the C-6 phospho group of fructose 2,6-bisphosphate and that Arg-360 binds the C-2 phospho group of fructose 2,6-bisphosphate in the phosphoenzyme.fructose 2,6-bisphosphate complex. The results also provide support for Arg-352, Lys-356, and Arg-360 constituting a specificity pocket for fructose-2,6-bisphosphatase.